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Carotid endarterectomy (CEA) has become a
well-established technique for the prevention of
stroke; it benefits patients with specifically defined
indications.1-3 Controversy has remained concern-
ing methods of intraoperative monitoring, criteria
for the use of intraoperative shunt, and optimal anes-
thetic technique. Most surgeons now recognize the
benefits of selective shunting during CEA, and yet,
no consensus has been reached to define the optimal
method of intraoperative cerebral perfusion moni-
toring. The evaluation of cerebral perfusion during
carotid cross-clamping has been studied with mea-
surement of stump pressures (SP) in the internal
carotid artery, somatosensory-evoked potentials, tra-
ditional electroencephalographic (EEG) monitor-
ing, computed EEG topographic brain mapping,
transcranial Doppler (TCD) scan measurements,
and finally with mental status evaluations (MSEs) in
awake patients.4-8
The routine use of shunts has been avoided as a
result of the reported 1% to 3% risk of embolism or
damage to the arterial wall and because of the tech-
nical difficulties that are associated with shunt
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use.4,9-13 The intraoperative strokes related to cere-
bral ischemia during carotid cross-clamping could be
potentially eliminated with shunting; however, an
optimal method of intraoperative monitoring to
identify these cases has not yet been determined.
The MSE during carotid cross-clamping in the
awake patient remains the “gold standard” with
which all other methods of monitoring should be
compared. MSE has had the lowest stroke rate in
most series14-17 and is associated with the lowest
percentage of shunt use.18
Although more sophisticated monitoring mech-
anisms are being investigated at selected centers, the
EEG remains the most widely used monitor of cere-
bral function in the community hospital setting,
which is where most CEAs are performed.19,20 In
spite of normal EEG tracings, some intraoperative
strokes still have occurred as a result of cerebral
hypoperfusion during cross-clamping.14,21 This had
prompted our study, which directly compared the
accuracy of EEG monitoring to mental status
changes in the awake patient.
METHODS
Between 1994 and 1998, 208 consecutive CEAs
were entered into the prospective study. This investi-
gation focused on the thesis that EEG monitoring is
not 100% accurate in the detection of cerebral
ischemia. All the patients were prospectively entered
into the study, with the intention being to monitor
them using MSE with regional anesthesia (RA).
Therefore, with the thesis of EEG inaccuracy, any
patient who required general anesthesia (GA) also
underwent shunting. All operations were performed
in community hospitals by the same 2 vascular sur-
geons. The patients were evaluated for preoperative
risk factors, which included hypertension, diabetes,
coronary artery disease, hyperlipidemia, age, sex, and
smoking history. Operating room times and the
shunt times were analyzed. In addition, we recorded
preoperative carotid evaluation studies, percent
stenosis, the existence of contralateral stenoses, the
presence of symptoms, length of stay, days in the
intensive care unit (ICU), the use of a patch, and
postoperative complications.
RA was chosen preferentially for all the cases
unless a significant contraindication, such as patient
refusal, cognitive limitation, anxiety, orthopnea, or
language barrier existed. Anticoagulation therapy or
reoperative surgery was not considered to be a con-
traindication to RA. The regional blocks were provid-
ed by anesthesiologists with a mixture of short-acting
and long-acting local anesthetic agents, which usually
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contained 0.6% etidocaine, 0.8% etidocaine, and
1:300,000 epinephrine. A superficial cervical plexus
block was performed, with fan-wise infiltration of 10
to 15 mL of local anesthetic solution along and just
under the middle portion of the lateral margin of the
sternocleidomastoid muscle. The same solution (20
to 30 mL) also was infiltrated subcutaneously along
and adjacent to the expected skin incision. When nec-
essary, the surgeon supplemented the block with local
infiltration of 1% lidocaine. Light intraoperative seda-
tion was provided with small increments of droperidol
and fentanyl titrated to effect. The use of midazolam
was avoided because it tended to cause confusion and
agitation in the patient population.
The patients who underwent GA were intubat-
ed orally after intravenous induction with thiopen-
tal or propofol. In most cases, a short-acting mus-
cle relaxant was used to facilitate intubation, which
allowed the patient to breathe spontaneously by the
time that carotid cross-clamping was performed.
Anesthesia was maintained with a solution of
nitrous oxide, isoflurane, and small increments of
fentanyl. This regimen was chosen for its minimal
effect on the intraoperative EEG. An infusion of
phenylephrine or nitroglycerine occasionally was
necessary to maintain hemodynamic stability. Intra-
arterial catheters were inserted in patients who
underwent GA and in those patients who under-
went RA and who also exhibited significant hyper-
tension or blood pressure instability. Most patients
who underwent RA were monitored with automat-
ed noninvasive blood pressure measurement.
The standard technique was used for CEA with
open endarterectomy of the internal carotid artery
and eversion endarterectomy of the external carotid
artery. When indicated, internal balloon shunts were
used preferentially. Distal intimal endpoint tacking
sutures were used frequently, and the patching was
routine. The choice of patch material was left to the
discretion of the surgeon.
When available, 8-channel EEG monitoring
was performed and interpreted by experienced
technicians in the operating room. Preoperative
baseline EEG evaluations were obtained for all
patients in the anesthesia preparation area and
immediately before, during, and after carotid
cross-clamping. Later, qualified neurologists re-
viewed the tracings to confirm the interpretation.
Significant changes in the EEG were defined as a
more than 50% reduction in the amplitude of alpha
and beta frequencies or as a persistent increase in
delta activity in a single hemisphere as compared
with the baseline study.
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The decision to shunt during RA cases was on
the basis of changes in the MSE alone. Pursuant to
the thesis of the study, routine shunting, when pos-
sible, was performed in all GA cases, regardless of
the EEG findings.
MSE was performed frequently by the anesthesi-
ologist for all awake patients—at least at 5-minute
intervals before, during, and after cross-clamping—
and included speech, motor, sensory, and general
cognition. To eliminate motion artifact in the EEG
readings during the initial 3 minutes of carotid
clamping, the EEG was analyzed repetitively for 10
seconds alternating with MSE. Changes in MSE
were defined as any speech changes, any significant
increases in agitation or confusion, any contralateral
arm or leg weakness, seizure, or unresponsiveness.
After surgery, patients were transferred to the
ICU for monitoring overnight, with the intent to
discharge by the next morning.
Neurologic events were defined as transient
ischemic attacks (TIAs; deficits that resolved within
24 hours after surgery) and strokes (any new or wors-
ened neurologic deficits that lasted >24 hours, with
or without computed tomographic scan changes).
Cardiac complications and deaths also were moni-
tored for 30 days after surgery.
The data were analyzed with unpaired t tests that
assumed unequal variances. The significance of the
comparisons of continuous-variable data sets (age,
length of stay, and operative duration) was assessed
using 2-sample, 2-tailed unpaired t tests. When the
variances of the data sets that were being compared
were significantly unequal, the Welch-Satterthwaite
approximation was used in the calculation of the t
variable. A 2-state data-set comparison was assessed
with Fisher exact test. The statistical calculations
were done with the assistance of BBN Prophet 5.0
(Bolt, Beranak, Newmann Co, Cambridge, Mass)
statistical software.
RESULTS
There were 208 consecutive endarterectomies
from 1994 to 1998 that were entered for study. No
patients were excluded from the study for any rea-
son. The study was designed specifically to use RA
and awake monitoring simultaneously with EEG
monitoring for each case. One hundred fifty patients
(72%) underwent RA, and 49 patients (24%) under-
went GA. Nine patients (4%) started with regional
blocks but eventually were converted to GA. The
reasons for conversion were inability to tolerate RA,
mostly because of positioning sensitivity or claustro-
phobia. No patients were converted to GA because
of pain. By study intent, EEG accuracy was calculat-
ed only in the RA group of patients. The GA group
was studied for potential shunt-use rate in compari-
son with shunt use in the RA group.
Electroencephalographic monitoring. Intra-
operative EEG monitoring was used for 121 of 208
cases (58%). Staffing and the workload limitations in
the EEG laboratory sometimes did not allow techni-
cian availability, such as in urgently scheduled cases
and late afternoon, evening, or weekend cases.
There were 6 patients with EEG monitoring avail-
ability who were converted from RA to GA and
therefore were shunted by study design. These
patients were analyzed with the GA group. The
inclusion of these patients into the RA group would
not have changed the statistical significance of the
conclusions. Of the patients who underwent RA, 89
of 150 cases (59%) had EEG monitoring available,
and 32 of 58 patients (55%) who underwent GA or
conversion had EEG monitoring available.
Demographics and comorbid risk factors.
Patient demographics reflected the usual pattern of
risk factors that is found in a population with symp-
tomatic vascular disease. The distribution of risk fac-
tors in both groups was not significantly different
(Table I).
Table I. Risk factors and demographic data for groups
General anesthesia Regional anesthesia P value
Sex 57% F, 43% M 52% F, 48% M NS
Mean age (years) 73.98 71.96 NS
Side of surgery 50% R, 50% L 49% R, 51% L NS
Contralateral stenosis 47% 38% NS
Diabetes mellitus 26% 27% NS
Hypertension 76% 74% NS
Hyperlipidemia 59% 63% NS
Coronary artery disease 71% 73% NS
Smoking history 76% 79% NS
F, female patient; M, male patient; NS, not significant; R, right side; L, left side.
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Indications for operation. The indications for
operation for both groups were also similar (Table
II). Fifty-five percent of the GA cases and 43% of the
RA cases underwent operation for symptomatic
carotid disease, which included previous cerebrovas-
cular accident, TIA, or transient monocular blind-
ness. The remainder of the patients who were
asymptomatic had critical lesions (>80%) or docu-
mented progression of disease. There were no statis-
tically significant differences between the groups (P
= .16). Preoperative evaluations, which usually con-
sisted of duplex scan and confirmatory magnetic res-
onance angiography when indicated, did not differ
between the groups.
Operative technique. All patients who under-
went GA were shunted if technically possible, but
only those patients who exhibited neurologic
changes during cross-clamping with RA underwent
shunting. Of the patients who underwent GA, 48 of
58 (83%) underwent shunting. The 10 patients who
did not undergo shunting had small, technically dif-
ficult arteries. In the 150 patients who underwent
RA, only 21 (14%) required shunting for neurolog-
ic changes.
Most of the cases (93%) were preferentially
patched. Operative times averaged 162.5 minutes
for the GA group and 153.6 minutes for the RA
group (P = NS). The total carotid cross-clamping
time averaged 59.5 minutes for the GA group and
67.3 minutes for the RA group (P = NS).
Electroencephalographic and mental status
changes. In the RA group, there were 89 patients
who had simultaneous EEG and mental status deter-
minations. Eleven of 15 patients who had mental
status changes also had EEG changes. In only 8 of
these 11 patients (73%) were the EEG and mental
status changes simultaneous. In 2 patients, there was
a delay of 30 seconds or more between the initial
onset of mental status changes and the recognition
of EEG abnormalities. In only 1 patient, the mental
status change lagged behind the EEG change by 45
seconds.
Most importantly, significant neurologic changes
were noted despite a normal EEG tracing that per-
sisted until shunt placement in 4 of the 89 patients
(4.5%). These were defined as false negative results
(Table III). In addition, 6 of 89 patients (6.7%) had
EEG abnormalities that were reported without
changes in mental status (false positive results; Table
IV).
Shunt requirements. There were 32 patients in
the GA or converted group who had EEG monitor-
ing that was available for evaluation. Nine (28%)
showed EEG changes that would have necessitated
shunting even if performed on a selective basis, as
compared with total shunt requirement of 14%
(21/150) for the RA group (P = NS).
In the RA group, 5 of 11 patients with con-
tralateral occlusions (45%) required a shunt, and 11
of 57 patients (19%) with >50% stenosis required
shunting (P = NS). Thus, although shunt require-
ments tended to be higher in the group with con-
tralateral occlusion, predicting the need for a shunt
on the basis of contralateral anatomy alone is not
accurate.
Outcomes. There were no perioperative cere-
brovascular accidents in the RA group, and only 2
postoperative TIAs (1.3%), 1 of which was thought
to be shunt-related. EEG monitoring was not avail-
able for either of these cases.
There were 3 major neurologic events in the
perioperative period, for an overall stroke rate of
1.4%. All 3 events occurred in patients who under-
went CEA in the GA subgroup. Only 1 of these
events may have had an altered outcome with EEG
availability. The first patient had worsening of a pre-
vious neurologic deficit (status post meningioma
resection) and had no contralateral stenosis; EEG
monitoring was not available, and shunt placement
was not technically possible. A second patient with a
normal intraoperative EEG had contralateral occlu-
sion and an intraoperative shunt. After discharge
from the hospital, this patient had an intracerebral
bleed that was caused by reperfusion syndrome. A
third patient, who was symptomatic before surgery
and who had no contralateral stenosis, had a pre-
sumed embolic event that was caused by shunt
usage, who manifested EEG abnormalities 50 min-
utes after cross-clamping.
Only 1 myocardial infarction occurred in the GA
group (P = NS). There were no deaths in this series.
The 2 groups differed somewhat with regard to
Table II. Indications for operation*
General Regional
anesthesia anesthesia
Symptomatic (CVA, TIA, TMB) 55% 43%
Asymptomatic 70% to 80% stenosis 16% 15%
Asymptomatic 80% to 90% stenosis 17% 21%
Asymptomatic >90% stenosis 12% 21%
CVA, cerebrovascular accident; TIA, transient ischemic attack;
TMB, transient monocular blindness. 
*Patients with 80% to 99% stenosis were placed in the “80% to
90%” category when further characterization of stenosis was not
possible.
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postoperative length of stay. There were 25 patients
who were considered outliers and were excluded
from the analysis. These patients required prolonged
hospital stays for other medical or social issues that
were not related to perioperative morbidity. The
mean length of stay was 1.3 days (193 days/140
patients) for the RA group and 1.9 days (78 days/43
patients) for the GA group (P = .007). In the absence
of an intermediate-care or step-down unit, all the
patients were admitted to the ICU for postoperative
monitoring. The RA group had an average ICU stay
of 1.1 days (150 days/140 patients) as compared
with the GA group who stayed in the ICU for 1.2
days (50 days/43 patients; P = NS).
DISCUSSION
This study was undertaken specifically to answer
the question of whether EEG is a reliable monitor for
the detection of cerebral hypoperfusion in carotid
cross-clamping during endarterectomy. Because RA
was used preferentially, the fundamental approach of
MSE was directly compared with standard EEG mon-
itoring techniques. In the compilation and analysis of
these data, information regarding anesthetic tech-
niques and outcomes also became available.
The population closely approximated the vascu-
lar surgical patients in most other published series.
The following atherosclerotic risk factors were sim-
ilar in the groups: diabetes was seen in approxi-
mately 25% of the patients, hypertension in 75%,
coronary artery disease in 70%, smoking history in
75%, and hyperlipidemia in 60%. The mean age of
the population was slightly higher than in other
series,5,14,17,21,22 which possibly reflects our
region’s more functional elderly population with
critical stenoses. Practice patterns that are advocat-
ed by the more recent consensus studies1,2 were
followed.
This investigation presumed that all consecutive
patients would be eligible for CEA with RA and
EEG monitoring. The availability of EEG monitor-
ing and the suitability of RA technique in the pre-
sent population thus could be analyzed in a nonran-
domized prospective manner. Of the 208 consecu-
tive endarterectomies that were included in the
study, EEG monitoring was available for only 58%,
because in scheduling patients for operation, the
times were not changed to accommodate EEG
schedules. Especially during nights and weekends
and with emergency situations, any delay of surgery
to allow EEG monitoring in the awake patient could
have been deleterious to eventual outcomes. The
availability of EEG monitoring in this series there-
fore was truly reflective of EEG accessibility in the
community hospital setting that used the parameters
outlined above. All EEG interpretations were ren-
dered in the operating room by qualified technicians
and later were verified by board-certified neurolo-
gists. In these days of managed care, it is the rare
institution that can afford to have concurrent neu-
rologic interpretation of EEG monitoring in the
operating room. The availability of EEG monitoring
in only 58% of the procedures reflects the practical
Table III. False negative results of electroencephalographic monitoring cases (with abnormal mental status
examinations)
Patient EEG findings MSE changes after clamping Change with shunting Notes
A. H. Generalized nonfocal Immediate unresponsiveness Immediate reversal of mental No significant EEG 
slowing from status changes change with MSE change
beginning of case
E. D. Normal throughout case Low-grade decreased men- No shunt placed Mental status immediately 
tation, dizziness normalized after release 
of clamp
M. I. Normal throughout case Severe agitation, anxiety Immediate normalization
J. M. Normal throughout case Unresponsiveness, right-hand Immediate normalization CEA with GA at another 
focal seizure after hospital, normal EEG, 
15 seconds awoke with deficit
EEG, Electroencephalographic monitoring; MSE, mental status examination; CEA, carotid endarterectomy; GA, general anesthesia.
Table IV. Electroencephalographic monitoring
versus mental status examination findings with
regional anesthesia
EEG normal EEG abnormal
MSE normal 68 (76.4%) 6 (6.7%)*
MSE abnormal 4 (4.5%)† 11 (12.4%)
EEG, Electroencephalographic monitoring; MSE, mental status
examination.
*False positive results.
†False negative results.
nature of the current surgical environment. The
management of carotid stenosis was not and should
not be altered on the basis of availability of EEG
monitoring.
In the current group of patients who were com-
pared simultaneously with RA and EEG monitoring,
there was an 88.8% agreement between MSE and
EEG findings with carotid cross-clamping. However,
most significantly, there were 4 patients (4.5%) in
whom the EEG was not reflective of MSE changes.
One of these patients had a prior CEA with a normal
EEG during surgery, which was performed with GA
in another institution, and yet awoke with a deficit at
that time. Contralateral CEA with RA and EEG
monitoring then was performed in the current study.
At cross-clamping, this patient maintained a normal
EEG despite immediate unresponsiveness and a focal
motor seizure referable to the ipsilateral hemisphere.
In a retrospective study, Kresowik et al21 noted a
4.1% stroke rate in their series of 458 CEAs. Seven of
the 10 patients with immediate strokes and all 5 of
the patients with immediate TIAs “had EEG’s
unchanged from baseline at completion of the proce-
dure.” Fiorani et al23 also noted a 2.5% false negative
result rate for EEG detection of cerebral ischemia
during carotid cross-clamping with quantitative com-
puterized EEG monitoring. Evans et al,14 in a
prospective study of 134 CEAs with local anesthesia,
compared SPs with awake monitoring and EEG
monitoring and noted that 4 of the 13 EEGs “were
unchanged despite the occurrence of clear-cut neu-
rologic changes.” Their conclusion supports our data
that “neither EEG monitoring nor SP measurement
identify all patients who require intraoperative
shunts.”
A single missed ischemic episode in a series of
patients who undergo CEA can make a significant
difference in the stroke rate. On the basis of these
data, the reliance on an indirect monitoring tech-
nique to determine the adequacy of cerebral blood
flow may be misleading and may result in an
increased stroke rate.
In a recent survey,24 EEG monitoring was still the
preferred method (67.5%) for monitoring CEA with
GA. This controversy continues as investigators pursue
a search for the ideal cerebral monitor to use with GA.
Although some institutions have used the 16-channel
EEG rather than the 8-channel EEG with excellent
results, 8-channel EEG seems to be the method 
most commonly relied on in community hospitals.
Although it is not as specific with regard to the area of
cortex involved, the 8-channel EEG has been accepted
as having a comparable sensitivity. EEG monitoring, in
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general, is noted to be less sensitive in the detection of
subcortical ischemia, which possibly explains the fail-
ure to detect the more global neurologic deficits that
were observed in our patients. In addition, potential
criticism regarding the presence of muscular artifacts in
the analysis of EEG in the awake patient has not been
observed in the current series. The use of SPs, of sen-
sory evoked potentials, and of transcranial Doppler
scan have not proved to be superior to EEG monitor-
ing.4,6,14,17 Likewise, the current study has document-
ed that EEG monitoring is not a completely accurate
determinant of cerebral perfusion during CEA, espe-
cially as compared with MSE with RA.
Anesthetic technique has been a frequently dis-
cussed topic in the CEA literature, with proponents of
both GA and RA techniques actively defending their
opinions. In a recent study,24 GA continues to be the
technique of choice for CEA (84.7%), with RA tech-
niques used in only 16.7%. RA has been advocated in
many studies and usually is described as a combina-
tion of deep and superficial cervical blocks. The cur-
rent series was performed with superficial block alone,
with additional skin supplementation. Not infre-
quently, there was a need to supplement with local
anesthesia into the carotid sheath when dissecting
cephalad. However, this supplementation was usually
well tolerated by the patients and not problematic to
the surgeons. This technique obviates the need for
deep cervical plexus block, which is technically more
demanding, is associated with more complications,
and is more time-consuming.25 An additional benefit
of RA involves the elimination of potentially cata-
strophic positioning problems. Cervical osteoarthritis
is a common problem in the elderly population and
has been associated with neurologic complications as
a result of positioning with GA during CEA.25 In the
current study, positioning of the awake patient was
instrumental in discovering brachial plexus stretch
and cervical compressions, which would have likely
caused significant injury.
It has been postulated that intraoperative neuro-
protection can be accomplished better with GA using
hypertensive technique, nitrous oxide inhalation,
barbiturate administration, and alteration of pCO2.26
Although these techniques purportedly decrease the
cerebral metabolic rate of oxygen consumption,
there has been no corroborating evidence in humans
that use of these techniques with GA for CEA has
decreased cerebral ischemia during cross-clamping.
In fact, the present study is in agreement with other
studies,5,17,20,23,27 which document that shunt
requirements for EEG changes with GA are almost
double those found in RA cases with MSE changes.
In addition, it can be argued that decreasing shunt
requirements to the 9% to 15% range, as is seen in
RA, may also decrease total complications that are
associated with shunt placement.
When compared with GA, RA is a simple, direct,
reliable, easily monitored, inexpensive technique for
CEA. Although there are proponents for both tech-
niques and many studies have often found similar
results in outcome, others have uncovered favorable
results in the RA groups that yield lower cardiopul-
monary and extracerebral complications.5,14,17,22,28
These results, however, are not always statistically
significantly different. The present study also favors
RA over GA, with lower shunt requirement and
lower stroke rate.
Because the most widely used indirect determi-
nant of cerebral ischemia, EEG monitoring, has
been shown to be unreliable, we have adopted the
practice of performing CEA with RA whenever pos-
sible and of shunting all patients who require GA.
The evaluation of mental status in the awake patient
tests the end-organ response of the entire brain
rather than trying to extrapolate total cerebral func-
tion from portions of the measurable surface. CEA
with RA without need for EEG monitoring appears
to be a less expensive and more accurate method of
assessing cerebral perfusion.
CONCLUSION
This study was undertaken to determine the accu-
racy of EEG monitoring in the awake patient under-
going CEA with RA. Although EEG monitoring cor-
related with MSE in 88.8% of the cases, there were a
significant number of false negative EEG determina-
tions (4.5%) and a significant number of false positive
results (6.7%), with MSE as the gold standard. EEG
monitoring is, therefore, not invariably accurate and
may even be misleading if used to determine indica-
tions for intraoperative shunting with GA.
A less complicated method of RA with superficial
cervical block alone was presented, and the rationale
for the preference of RA over GA was discussed for
appropriate cases.
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Dr William R. Flinn (Baltimore, Md). Although we
have become increasingly certain about the indications for
carotid endarterectomy on the basis of many studies,
nothing remains more controversial than this issue of
shunting and the detection of cerebral ischemia. We too
have had an interest in monitoring patients under region-
al anesthesia.
We have used a device that was developed by Dale
Buchbinder, one of our members, which is quite clever.
The little finger pad vibrates rather vigorously, and the
patient has to squeeze the finger pad to turn off the
device. Simultaneous with the vibration, the surgeon hears
a beeping from the box so that you know the device is
cycling and you know that the patient has turned off the
device by compressing the pad. Thus, you have a sensory
motor loop and you do not have to keep questioning the
patient. You can set the cycle for 30 seconds, 60 seconds,
or 2 minutes.
In the realm of diagnostic accuracy, for the detection
of cerebral ischemia, we must assume that by monitoring
the awake patient we will have no false negative results.
Have the authors had any patients who have remained
totally normally neurologically responsive through the
procedure and exited the operating room with any identi-
fiable ischemic events? This has not been our experience
with regional anesthesia.
Certainly, a false positive EEG result is nothing more
than a nuisance. You have to place a shunt on the basis of
the EEG presumably in a case that might not need it.
However, a false negative EEG result is potentially lethal.
It means there is significant cerebral ischemia that is not
being detected. Patients who develop significant mental
status changes with cross-clamping with regional anesthe-
sia have those changes promptly reversed with the place-
ment of a shunt. This provides a dramatic demonstration
that the patients really require that continued cerebral per-
fusion. Because you had your neurologists involved, were
they able to explain these cases of a negative EEG in the
presence of obvious severe cerebral ischemia detected with
regional anesthesia? Also, at the present time, what would
your recommendations be regarding the use of EEG when
carotid endarterectomy is performed with general anes-
thesia? The calculated sensitivity in the range of 70% in
this study does not seem good enough for the detection of
cerebral ischemia. Should we abandon EEG monitoring or
is there a useful alternative if we must do our cases with
general anesthesia?
One of the most significant impacts of regional anes-
thesia in our experience has been the relative cardiody-
namic stability of the patient, particularly with reference to
blood pressure changes. We have found that no more than
15% of the patients who undergo regional anesthesia
require intravenous antihypertensive therapy. You did not
address this data specifically in your manuscript, but it cer-
tainly seemed intuitive because you described all the gen-
eral anesthesia techniques with an arterial line and all the
regional anestheia techniques with an automated blood
pressure cuff. So, perhaps you could address that issue.
Finally, regional anesthesia was used in only about 70%
of your cases. In our practice, regional anesthesia has been
used in more than 90% of cases. Is there any reason for
your lower percentage? Do any patients still undergo gen-
eral anesthesia preferentially so that you can empirically
use a shunt?
Dr Ronald L. Nath. I would like to thank Dr Flinn for
his thoughtful and incisive comments. He raises some
important issues that we also have noted. We do not have
as sophisticated a cerebral function monitor as your vibra-
tor. We do talk to our patients and encourage our anes-
thesiologists to do so during the case. We thought about
giving our beepers, on vibrate mode, to our patients dur-
ing the case and asking them to answer our pages. Other
than that, we do not have a more sophisticated monitor
than speaking to them directly.
We also have noted no postoperative ischemic events
on exiting the operating room for patients who have
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remained neurologically stable throughout the case.
Observation of this degree of stability is staisfying to us.
We have, indeed, discussed some of the false negative
EEG results with our neurologists. They are as perplexed
as we are but, again, basically say the same thing we do. As
we have learned from all indirect tests in medicine—
whether from the electrocardiogram, the ocular pneumo-
plethysmography, or others—no one test is 100% accurate.
From our standpoint, the best test, as we have mentioned,
is simply talking directly to the patient.
As you mentioned, we also have found that the EEG
results are not 100% reliable. They are dependable but not
100%, and in carotid surgery, there is little room for error.
One or 2 strokes in a series of a few hundred can influence
outcomes significantly. Dr Flinn asked what our recom-
mendations are at this point. We try to use regional anes-
thesia for most of our cases. In that situation, we no
longer use EEG monitoring because we feel that mental
status monitoring is the most accurate determination of
cerebral perfusion. In cases that we perform with general
anesthesia, we also have stopped using EEG monitoring
because, with the knowledge that there may be some false
negative results, we routinely shunt all patients. Because
there are relatively few cases that are done with general
anesthesia and because selective shunting under regional
anesthesia minimizes unnecessary shunt use, we feel that
we have optimized shunt use by using this paradigm.
We have also noted, as Dr Flinn has stated, that there
is exceptional cardiodynamic stability in our patients who
undergo regional anesthesia, especially as compared with
the sometimes roller-coaster ride one takes with patients
who undergo general anesthesia. There are some patients
with whom we have used continuous arterial line moni-
toring even with regional anesthesia; these are patients
who have significant histories of hypertension and who,
occasionally, become hypertensive during the operation.
Even in those patients, we have found that the instability
sometimes seen with general anesthesia has not manifest-
ed itself with regional anesthesia. We suspect that the
patients who undergo regional anesthesia in the awake
state maintain their normal compensatory mechanisms as
opposed to the exaggerated hemodynamic responses seen
with general anesthesia.
As you mentioned, Dr Flinn, you have been able to use
regional anesthesia in 90% of your cases, and we have about
a 75% incidence rate of regional anesthesia use. Our
patients have tended to be more elderly than is found in
other series. We suspect that our elderly population is a lit-
tle bit less cooperative, and they do occassionally develop
significant tremors with regional anesthesia, which prompts
the increased use of general anesthesia. We are getting bet-
ter at patient selection and sedation; this may eventually
increase our use of regional anesthesia.
Once again, thank you, Dr Flinn, for your review and
comments.
Dr John J. Ricotta (Stony Brook, NY). Over a decade
ago, at Rochester, we reviewed over 500 cases with EEG
monitoring and we had the same sort of silent events. Our
neurologist told us that this makes perfect sense. The EEG
measures cortical function—it does not measure deep
brain function. If you have a deep brain problem, you are
not going to find it.
From your list of patients, it looked like that these
were problems that were deep in the cortex. This is some-
thing that EEG monitoring is limited to whether you use
the compressed array or whether you use the full EEG,
which is what we used in Rochester. 
My experience has been that there are certain sub-
groups of patients in whom I expect abnormalities, such as
patients who have had prior strokes, not so much the
anatomic situation but the clinical situation. I wonder
whether your false negative results occurred in a subgroup
of patients and whether you could tell whether clinically
that there was a problem? For example, patients who were
asymptomatic, in my experience, almost never would fall
into that false negative results category. I am curious as to
whether you could go back and look at the symptoms of
your patients and refine your indications anymore than that?
Dr Nath. Thank you. We have not noted a pattern in
those patients who have had false negative EEG tracings.
Because there were only 4 of them in our series, there
were too few false negative results to establish a definitive
pattern.
Dr Frank J. Veith (Bronx, NY). I enjoyed this paper. I
think you have shown nicely that in awake patients the
EEG might be misleading, but I do not think that you
have proven your premise with regard to patients who are
asleep. You will remember an interesting series of patients
on whom Sterling Edwards reported in which he had 6 or
8 patients who had loss of consciousness or neurologic
findings with carotid clamping when they were awake. He
subsequently performed carotid endarterectomy with
them asleep, and they did not have any strokes or neuro-
logic events even though he used no shunt. So, perhaps
the asleep patient is a little different from the awake one.
We have used sensory-evoked potentials in approximately
400 cases, and we have never been misled when it has indi-
cated that the patient did not need a shunt. In other
words, it has been 100% accurate in predicting the patient
who does not need a shunt. The EEG probably gives sim-
ilar results.
So, I still would have some doubt for patients who
underwent anesthesia. I wonder whether you feel it is
appropriate to extrapolate your results to patients under
anesthesia who may have some cerebral protection?
Dr Nath. Actually we do feel that it is appropriate.
Many institutions have reported excellent results with
minimal stroke and mortality rates using various methods
of cerebral perfusion monitoring. Some have even report-
ed excellent results with no monitoring and even no
shunts at all. One of the basic tenets of medicine is: “If
what you are doing works, keep doing it.” If whatever
method that you use in your hospital—whether EEG or
sensory-evoked potentials—gives you good results, then it
is clearly the optimal method for you to use.
Cerebral perfusion and collateral flow are mysterious
JOURNAL OF VASCULAR SURGERY
Volume 28, Number 6 Stoughton, Nath, and Abbott 1023
physiologic entities. We have had patients with contralat-
eral carotid occlusions and vertebral occlusions who pleas-
antly talk to us throughout the cross-clamp period, and
others with normal contralateral vasculature who became
unresponsive and seized immediately on placing the cross-
clamp.
There are a number of series that have implied or stat-
ed that general anesthesia was somehow neuroprotective
for the brain. We have not found that to be the case in our
series. Although there is some theory to support that
premise, there have been no clinical series that actually
translate that theory into incontrovertible fact. Indeed,
most of the series that we have reveiewed found regional
anesthesia to be superior to general anesthesia. The sense
that general anesthesia somehow offers a neuroprotective
environment belies the fact that in all series there is an
increased, usually double, use of shunts in general versus
regional anesthesia. So, I am skeptical that general anes-
thesia does in fact offer any neuroprotective mechanism.
Dr Robert P. Leather (Albany, NY). I have 2 observa-
tions and questions. One is could you comment on the
cost of EEG? It is widely used and accepted, but there is a
cost penalty.
The other is that, in our excess of 15 years, the first
thing we noticed was that we did not have to send our
patients to the intensive care unit. Could you comment on
the amount of cases that required patients in the intensive
care unit? Few of our patients ever see the intensive care
unit.
Dr Nath. Regarding the cost of EEG monitoring, it is
difficult to nail down the actual cost, as opposed to charges,
in our hospitals. We know that they are significant—3 or 4
hours of technician time, plus the cost of the EEG, plus the
neurologic interpretation adds up to many hundreds if not
over a thousand dollars worth of charges alone. Costs are
undoubtedly significant. We have found that there is no dif-
ference in cost or charges between regional and general anes-
thesia. Therefore, because the only difference between the 2
involves EEG monitoring, and because, pursuant to our
paper today, we have stopped using EEG monitoring for all
cases, we have found cost savings in the operating room.
Regarding your question about days in the intensive
care unit, we also would prefer not to send patients there.
We do feel that they need more supervision than is usual-
ly available on the average surgical floor. Unfortunately,
the insurance structure in our state does not support
“step-down” or intermediate care units in community
hospitals. Most of the time, we send our patients to the
intensive care unit overnight, discharge them to home the
next morning, and incur a less than 24-hour stay in the
hospital.
Dr Anton N. Sidawy (Washington, DC). Was there a
difference in the percentage of cases performed with
regional or general anesthesia in various institutions? And
because you have 3 authors on this paper, was there any
difference in the percentage of cases performed with
regional or general anesthesia among the various surgeons?
Dr Nath. Thank you, Dr Sidawy. Dr Stoughton and I
performed all of the cases personally. There were no sub-
stantive differences in the institutions or in the surgeons’
choice of general or regional anesthesia.
Regarding the strokes themselves, there really was
only 1 stroke that could have been related to cerebral
hypoperfusion. One was probably embolic with a shunt in
place, and the other occurred in the postoperative period
after discharge.
